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57 ABSTRACT 

An image processor for improving the quality of a picture, 
in which block noise arises as a result of a block encoding 
operation, by rendering gradations between blockS contigu 
ous. A control point determination Section reads references 
pixels from a decoded image Storage Section in accordance 
with a block address output from a block address generating 
Section. The control point determination Section then outputs 
control point information. A boundary condition determina 
tion Section determines vector information on the basis of 

the control point information. An interpolating Section inter 
polates a pixel block using a bicubic interpolated Surface, 
and the thus interpolated pixel block is held in a buffer. A 
control point comparison Section determines whether the 
pixel block can be interpolated and outputs prohibition 
information. On the other hand, a pixel block output from an 
8 by 8 pixel block reading section is held in another buffer. 
AS a result, an in-block variance calculating Section calcu 
lates variance and then outputs variance information. A 
buffer Switch determination section selects either of the 

buffers depending on the prohibition information and the 
variance information, whereby a buffer Switch is Switched. 
The thus Selected output is held in a reproduced image 
Storage Section. 

18 Claims, 10 Drawing Sheets 
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BLOCK NOSE PREVENTION BY 
SELECTIVE INTERPOLATION OF 

DECODED IMAGE DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image processor for 
processing an image into which a block-encoded image has 
been decoded. 

2. Description of the Prior Art 
In the case of encoding an image signal, an image is 

divided into image blocks which are rectangular image areas 
in order to utilize the correlation between pixels in both 
Vertical and horizontal directions as well as to prevent the 
Size of an image processor from increasing, and the image 
blocks are encoded one by one. A representative algorithm 
for use in Such an encoding System is generally called a 
block encoding algorithm which comprises a transform 
coding algorithm, block truncation coding algorithm, and a 
vector quantization algorithm. 

For the image encoding method, there are a lossleSS 
encoding method which makes it possible to decode an 
encoded image to an image completely identical with the 
original without loSS of information, and a lossy encoding 
method for reducing information which is visually unnec 
essary. The feature of the lossy encoding method is that it is 
easy to obtain a high compression ratio in Spite of the 
distortion resulting from a reduction in the information. The 
previously described transform encoding algorithm is one 
example of the lossy block encoding method. 
Where an image Signal is transmitted or Stored after 

having been encoded, it is desirable to encode the image 
Signal at the highest possible compression ratio in order to 
efficiently utilize a storage medium as well as to reduce a 
communication time. Particularly for high-resolution 
images, there is considered to be a strong demand for the 
encoding of an image at the highest possible compression 
ratio, because the high-resolution images have a large Vol 
ume of data. For this reason, an lossy block encoding 
method which provides a high compression ratio is widely 
used. 

The transform coding method which is one of the lossy 
block encoding methods will be further described hereinbe 
low. 

It is well known that in images known as natural images, 
Such as landscapes or portraits, there is a tendency for 
adjacent pixels to have Similar pixel values, and for the 
natural images to have high auto-correlation properties. If a 
Signal having Such high auto-correlation properties is rep 
resented on a frequency axis, the Signal power becomes 
concentrated around the lower frequency components. The 
transform coding method reduces the Volume of information 
of the image Signal by utilization of the above described 
properties. 

According to the transform coding method, the image 
Signal is initially divided into pixel blocks which are rect 
angular pixel regions, and the pixel blocks are Subjected to 
two-dimensional Orthogonal transform. As a result, trans 
form coefficients which are the information of a Spatial 
frequency is obtained. Then, the Volume of information is 
reduced by quantizing the thus obtained transform coeffi 
cient. To encode a natural image, it is common practice to 
reduce the Volume of information by more accurately quan 
tizing the transform coefficient of lower frequency compo 
nents and by more roughly quantizing the transform coef 
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2 
ficient of higher frequency components. This is attributable 
to the previously described characteristics where the major 
ity of the Signal power is concentrated on lower transform 
coefficients, and to the fact that because the human visual 
System degrades high frequency components, they are leSS 
likely to be detectable. 

However, according to the transform encoding method, 
the degree of gradations in the boundary between the pixel 
blocks within the area where the shade of color changes by 
Small degrees becomes noticeable in Some cases. This is due 
to the fact that a.c. components in the pixel blocks are lost 
as a result of rough quantization carried out after the 
orthogonal transform, So that only d.c. components propor 
tional to a mean value of the pixel blocks are left. 

This phenomenon is called block noise and arises not only 
as a result of the conversion encoding operation but also as 
a result of other lossy block encoding operations. In other 
words, this phenomenon arises as a result of an encoding 
operation being carried out at a high compression ratio. The 
block noise is artificial noise which has horizontal and 
Vertical directionalities, and this very noticeable noise 
results in the picture quality being considerably deteriorated. 
The degradations in the picture resulting from the encod 

ing operation depend greatly on encoding parameters and 
the contents of the original, which makes it difficult to 
forecast degradations resulting from the encoding operation. 
Therefore, in the case of the transmission of an image, 
degradation is detected only after the transmitted Signal is 
encoded at the receiving Side. If the degradation is acknowl 
edged at the receiving Side, it becomes necessary for the 
receiver to ask a Sender to re-transmit the original at a lower 
compression ratio, which presents problems in terms of time 
and communication costs. 

Techniques for preventing the block noise have been 
proposed. An example of Such a technique is disclosed in, 
e.g., Japanese Patent Laid-Open Nos. Hei 2-57067(1990) 
and Hei3-13064(1991), wherein a filter is provided between 
blocks where block noise arises. Another example of the 
techniques is disclosed in, e.g., Japanese Patent Laid-Open 
No. Hei 4-209073(1992), wherein the gradation level of a 
pixel (a corner point) located at the corner of a block where 
pixel degradation takes place is estimated on the basis of 
corner points of adjacent three blocks, and a difference 
between the estimated gradation level and the practical 
gradation level of the corner points is linearly interpolated 
within the block. 

These techniques are intended to cope with localized 
block noise, and therefore the effect of Smoothing operation 
becomes also localized. For this reason, it has been difficult 
to say that these prior techniques could Sufficiently eliminate 
the block noise. 

SUMMARY OF THE INVENTION 

The present invention has been conceived to solve the 
above described drawbacks in the related art, and the pri 
mary object of the present invention is to provide an image 
processor which improves the quality of a picture containing 
block noise caused as a result of a block encoding operation 
by rendering gradations between blockS continuous. 
To this end, according to a first aspect of the present 

invention, there is provided an image processor comprising 
Storage means for holding decoded blocks to which a 
block-encoded image is decoded for each rectangular region 
consisting of an M by N matrix of pixels, interpolating 
means which provides an interpolated block by reading a 
plurality of reference pixels having a predetermined posi 
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tional relationship with the decoded blocks from the Storage 
means and by interpolating gradations in the decoded blockS 
using a curve under boundary conditions Set on the basis of 
the reference pixels, first determination means which deter 
mines whether or not the distribution of pixels in the 
decoded block is flat, on the basis of the statistical infor 
mation of the decoded block, Second determination means 
which determines whether or not the block can be 
interpolated, on the basis of the boundary conditions, and 
Selecting means which Selects either the interpolated block 
or the decoded block on the basis of the results of the first 
and Second determination means. 
By virtue of the image processor as defined in the first 

aspect of the present invention, if the pixel distribution has 
been determined as being flat by the first determination 
means, and if it has been determined that the block can be 
interpolated, by the Second determination means, the inter 
polated block is Selected. In the interpolated block, the pixel 
blocks which are adjacent to each other with boundaries 
between them are generated So as to be in as continuous a 
condition as possible, thereby reducing the block noise. 
Where the image has the uneven distribution of the pixels, 
as an edge portion of the image, the edge portion can be 
stored by selecting the decoded block. In this way, the block 
noise is eliminated from the image for each pixel block in 
the way suitable to each block. 

According to a Second aspect of the present invention, 
there is provided an image processor comprising Storage 
means for holding decoded blocks to which a block-encoded 
image is decoded for each rectangular region consisting of 
an M by N matrix of pixels, interpolating means which 
provides an interpolated block by reading a plurality of 
reference pixels having a predetermined positional relation 
ship with the decoded blocks from the Storage means and by 
interpolating gradations in the decoded blocks using a curve 
under boundary conditions Set on the basis of the reference 
pixels, Smoothing means which outputs an MXN matrix of 
pixels at the center of the block as a smoothed block by 
reading a (M--2i)x(N+2i) matrix of pixels, which is larger 
than the MXN matrix of pixels by “i' pixels in both vertical 
and horizontal directions, from the decoded block in the 
Storage means, and by Smoothing the (M--2i)x(N+2i) matrix 
of pixels read from the Storage means, first determination 
means which determines whether or not the distribution of 
pixels in the decoded block is flat, on the basis of the 
Statistical information of the decoded block, Second deter 
mination means which determines whether or not the block 
can be interpolated, on the basis of the boundary conditions, 
and Selecting means which Selects either the interpolated 
block or the decoded block on the basis of the results of the 
first and Second determination means. 

By virtue of the Second aspect of the present invention, 
the Smoothed block is selected even if the block cannot be 
interpolated, to thereby enhance the effect of the elimination 
of the block noise. As a matter of course, the Selecting means 
may be arranged So as to Select any one of the interpolated 
block, the Smoothed block, or the decoded block. 

According to a third aspect of the present invention, the 
image processor as defined in the first or Second aspect of the 
present invention is characterized in that the interpolating 
means is made up of a control point determination Section 
for determining a control point from the plurality of refer 
ence pixels, a boundary condition determination Section for 
determining the boundary conditions from the control point, 
and an interpolating Section for generating an interpolated 
block by interpolating the rectangular region consisting of 
the M by N matrix of pixels using bicubic interpolated 
Surface patches on the basis of the boundary conditions. 
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4 
According to a fourth aspect of the present invention, the 

image processor as defined in the third aspect of the present 
invention is characterized in that the control point is located 
at an interSection between boundaries of the decoded blockS 
in the Storage means, and four pixels around the interSection 
are read as the plurality of reference pixels for each 
interSection, whereby a mean value is Set. 

According to a fifth aspect of the present invention, the 
image processor as defined in the third aspect of the present 
invention is characterized in that the boundary conditions 
include eight tangent vectors defined by differences between 
four control points on the periphery of the decoded blocks in 
Said Storage means and two adjacent control points in the 
respective vertical and horizontal directions at each control 
point. 
By virtue of these control points and the boundary 

conditions, the boundary conditions of the adjacent decoded 
blocks become equal to each other, whereby the interpolated 
blocks can be Smoothly connected. 

According to a sixth aspect of the present invention, the 
image processor as defined in the first or Second aspect of the 
present invention is characterized in that the first determi 
nation means calculates the variance of the pixels in the 
decoded block or a difference between the maximum value 
and the minimum value of the decoded block, and the first 
determination means outputs, as the result of first 
determination, information as to whether or not the decoded 
block is flat by comparing a predetermined threshold with at 
least either the pixel variance or the difference. As a result, 
it becomes possible to detect the area in which block noise 
arises with high accuracy. 
According to a Seventh aspect of the present invention, the 

image processor as defined in the first or Second aspect of the 
present invention is characterized in that the Second deter 
mination means compares a predetermined threshold value 
to a difference between adjacent control points as well as 
comparing a predetermined threshold value to a difference 
between control points positioned in a diagonal relationship 
with each other, with regard to four control points around the 
decoded block, and the Second determination means outputs, 
as the result of Second determination, information as to 
whether or not any of the differences exceeds the threshold 
values. As a result, it is possible to prevent picture degra 
dation resulting from interpolation from arising at the edge 
of the block. 

According to an eighth aspect of the present invention, the 
image processor as defined in the first or Second aspect of the 
present invention is characterized in that the value of a pixel 
which is the most analogous to the reference pixel among 
pixels in the boundary is Set as the value of the reference 
pixel if the reference pixel is outside the image. As a result, 
it becomes possible to prevent the edge of the image from 
being degraded as a result of interpolation. 

According to a ninth aspect of the present invention, the 
image processor as defined in the Second aspect of the 
present invention is characterized by that the Selecting 
means Selects any one of the interpolated block, the 
Smoothed block, and the decoded block on the basis of the 
results of determination of the first and Second determination 
CS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an image processor according 
to a first embodiment of the present invention; 

FIG. 2 is a diagrammatic illustration of a bicubic Coons 
patch; 
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FIG. 3 is a diagrammatic illustration showing the appli 
cation of the bicubic interpolated Surface patch of the 
present invention to a pixel Space; 

FIG. 4 is a matrix showing the relationship between a 
block address and a pixel block, 

FIGS. 5A and 5B are schematic representations showing 
the relationship between a block to be interpolated and 
control points; 

FIG. 6 is a matrix showing the designation of positions of 
interpolated pixels, 

FIGS. 7A and 7B are schematic representations showing 
the edges block drooped as a result of bicubic Surface patch 
interpolation; 

FIGS. 8A and 8B are illustrations of one example of the 
requirements for determination of an interpolation prohib 
ited area; 

FIG. 9 is a flowchart showing one example of the Switch 
ing between buffers; 

FIG. 10 is a block diagram of an image processor accord 
ing to a Second embodiment of the present invention; 

FIG. 11 is an illustration showing the filtering of a 10 by 
10 pixel region; and 

FIG. 12 is an illustration showing a target pixel and 
Surrounding pixels within a 3 by 3 window region. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To begin with, the principle of block noise reduction of 
the present invention will be described. A bicubic interpo 
lated Surface patch is widely used as means for designing 
and representing the configuration of a complicated Surface 
in the field of CAD or CG. A surface of arbitrary shape is 
divided into a Set of Small patches. A bicubic Coons patch is 
a representative method of defining each patch. According to 
the bicubic Coons patch, four positional vectors and tangent 
vectors within a Space are Set as boundary conditions, and an 
interpolated patch Satisfying these conditions is generated. 

FIG. 2 is a diagrammatic illustration of the bicubic Coons 
patch. An interpolated patch is defined in the Space of two 
parameters “u' and “v” (0s u, vs 1). A point Q (u, v) within 
the interpolated patch is defined by interpolating four posi 
tional vectors Q (0, 0), Q (0, 1), Q (1,0), and Q (1, 1) and 
tangent vectors in the directions of “u' and “v' at each 
positional vector, i.e., a total of eight tangent vectors Qu (0, 
0), Qu (0, 1), Qu (1,0), Qu (1, 1), Qv (0, 0), Qv (0, 1), Qv 
(1,0), and Qv (1,1). Aboundary is shared between the thus 
generated adjacent interpolated patches. Tangent vectors 
which traverse the boundary curve are also shared between 
the adjacent interpolated patches. Therefore, the interpolated 
patches are continuously connected to each other to a 
first-order differentiated value. 

The bicubic Coons patch is represented by Subsequent 
Expression (1). The point Q (u, v) within a patch is calcu 
lated by multiplying a 4x4 matrix, which consists of the four 
positional vectors and the eight tangent vectors, by weights 
corresponding to the position of the point Q in the “u' and 
“v' directions, with the weight in the “u’ direction being 
placed on one side of the matrix and the weight in the “v' 
direction being placed on the other Side of the matrix. 
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Q(0, 0) Q(0,1) Qv(0,0) Qv(0,1) Hoo(v) (1) 
= Q(1,0) Q(1,1) Qv(1,0) Qv(1,1) Ho-1(v) 
Qu(0, 0) Qu(0, 1) O O Ho(v) 
Qu(1,0) Qu(1,1) 0 O H11(v) 

where 

H(t)=2t-3t’+1=(t–1)*(2t+1) (2) 

Ho (t)=-2t+3t'=f'(3-2t) (3) 
Ho(t)=t-2t’+1=(t–1)’t (4) 

H(t)=t-t’=(t–1)t (5) 

Hoo, Ho, Ho, and H are called a blending function. This 
function provides weights corresponding to the coordinates 
(u, v). 

FIG. 3 is an illustration showing the application of the 
bicubic interpolated Surface patch of the present invention to 
the pixel Space. In the drawing, a broken line corresponds to 
the boundary between pixel blocks. As shown in FIG. 3, 
positional vectors and tangent vectors are Set for each 
intersection between the pixel blocks. Blocks which are to 
be interpolated by the bicubic interpolated Surface patch are 
continuously generated. AS previously described, a curve 
which serves as the boundary between the pixel blocks 
doubles as the border between interpolated patches of the 
adjacent pixel blocks. Further, tangent vectors which 
traverse the boundary curve are also shared between the 
adjacent pixel blockS. AS a result, gradations between the 
pixel blockS become continuous between the pixel blocks, 
which makes it possible to reduce block noise. 

FIG. 1 is a block diagram of an image processor according 
to a first embodiment of the present invention. The image 
processor comprises a decoded image Storage Section 1, a 
control point determination Section 2, a block address gen 
erating Section 3, a boundary condition determination Sec 
tion 4, an interpolating Section 5, a control point comparison 
section 6, buffers 7 and 8, an 8x8 pixel block reading section 
9, an in-block variance calculating section 10, a buffer 
Switch determination section 11, a buffer Switch 12, and a 
reproduced image Storage Section 13. The case where an 8 
by 8 pixel is taken as a pixel block will now be described. 

The decoded image Storage Section 1 holds an image 
decoded according to a block encoding method. The control 
point determination Section 2 reads a reference pixel around 
a decoded block which is addressed by a block address 
issued from the block address generating Section 3, and 
outputs control point information. The block address gen 
erating Section 3 outputs a block address corresponding to 
each of the decoded blocks. The boundary condition deter 
mination Section 4 determines vector information necessary 
to generate a bicubic interpolated Surface patch on the basis 
of the control point information output from the control 
point determination Section 2. The interpolating Section 5 
interpolates an 8 by 8 pixel region by means of the bicubic 
interpolated Surface patch by use of the vector information 
output from the boundary condition determination Section 4, 
whereby an 8 by 8 interpolated block is output. The control 
point comparison Section 6 outputs prohibition information 
by comparing the Sizes of a plurality of control points with 
each other. The buffer 7 temporarily holds the 8 by 8 
interpolated block output from the interpolating Section 5. 
The buffer 8 temporarily holds pixel blocks output from the 
8 by 8 pixel block reading section 9. The 8 by 8 pixel block 
reading Section 9 reads an 8 by 8 pixel region, which is 
addressed by the block address output from the block 
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address generating Section 3, from the decoded image Stor 
age Section 1. The in-block variance calculating Section 10 
calculates the variance of the pixels within an input pixel 
block and outputs variance information. The buffer Switch 
determination Section 11 determines the Switching between 
outputs of the buffers 7 and 8 on the basis of the result of the 
comparison carried out by the control point comparison 
point 6 and the variance information calculated by the 
in-block variance calculating section 10. Then, the buffer 
Switch determination Section 11 outputs a Switching instruc 
tion to the buffer Switch 12. The buffer Switch 12 Switches 
between the buffers 7 and 8 according to the instruction 
received from the buffer Switch determination section 11. 
The decoded image Storage Section 13 holds the pixel block 
output from the buffer Switch 12 at the block address 
designated by the block address generating Section 3. 

With reference to FIG. 1, one example of the operation of 
the image processor according to the first embodiment of the 
present invention will now be described. The outline of the 
operation of the image processor according to the first 
embodiment is as follow: A pixel block region of interest is 
interpolated. Whether or not block noise arises in that block 
region and whether or not that block region is an interpo 
lation prohibited region are determined in parallel. It is 
decided which of the interpolated pixel block or the unin 
terpolated pixel block is output on the basis of the results of 
the two determination operations. 

The decoded image Storage Section 1 holds images 
decoded by the transform coding method. The blockaddress 
generating Section 3 Sequentially outputs, as block 
addresses, the addresses of the pixel blocks of the decoded 
image Stored in the decoded image Storage Section 1. FIG. 4 
is an illustration showing the relationship between block 
addresses and pixel blocks. The decoded image is divided 
into pixel blocks every 8 by 8 pixel region. As shown in FIG. 
4, the block address generating Section 3 generates the top 
left 8 by 8 pixel of each pixel block as a block address. The 
Subsequent processing is carried out on a block address 
basis. 

The interpolation of the pixel block will next be 
described. The interpolation is carried out on the basis of the 
bicubic Coons patch interpolation algorithm through the 
three Steps, namely, the determination of control points, the 
determination of Vectors, and the execution of interpolation. 
The pixel block which is designated as to be interpolated by 
the block address is called a block to be interpolated. 
One example of the determination of control points will 

be described. FIGS.5A and 5B are illustrations showing the 
relationship between a block to be interpolated and control 
points. The control point determination Section 2 reads a 
reference pixel necessary to determine the control points 
from the decoded image Storage Section 1. AS shown in 
black dots in FIG. 5A, the control points are twelve points 
which are hypothetically set around the block to be inter 
polated. In FIG. 5A, the hatched area is the 8 by 8 pixel 
block to be interpolated. Like FIGS. 2 and 3, the pixel block 
has the left top coordinates (0,0), the left bottom coordinates 
(1,0), the right top coordinates (0, 1), and the right bottom 
coordinates (1, 1). Each control point is positioned at an 
interSection between the block boundaries, and the coordi 
nates of each control point is represented by (i, j). In FIG. 
5A, the control points are respectively represented by posi 
tional vectors Q (i, j). 

FIG. 5B is an enlarged view showing the neighborhood of 
the control point. Each cell represents a pixel, each black dot 
represents a control point, and a thick line represents the 
boundary between the blocks to be interpolated. It is pos 
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Sible to Set, for example, a mean value of the four reference 
pixels around the hatched control point as the control point 
value. The addresses of the four reference pixels to be read 
can be easily calculated by previously Setting horizontal and 
Vertical offsets with respect to the block address. ASSume 
that pixels at the boundaries of the imageS repeatedly exist 
outside the image, and that these pixels are Set if the 
reference pixels are outside the image. 
One example of the determination of vectors will now be 

described. The control points output from the control point 
determination Section 2 are input to the boundary condition 
determination Section 4. In this boundary condition deter 
mination Section 4, each element of the 4 by 4 matrix of 
Equation (1), that is, four positional vectors and eight 
tangent vectors necessary to generate the bicubic interpo 
lated Surface patch, are determined in the following manner. 
The thus determined 12 vectors are output to the interpo 
lating Section 5. 

Positional vector Q(i,j): values of control pints in the 
row, the “” column (i,j=0, 1) 

Tangent vector Qu(i, j) in the “u' direction=(Q(i+1, 
j)-Q(i-1, j))/2(i, j=0, 1) 

Tangent vector Qv(i,j) in the “v' direction=(Q(i, j+1)- 
Q(i, j-1))/2(i, j=0, 1) 

Finally, the execution of the interpolation will be 
described. The interpolating Section 5 Sets received vectors 
into the 4 by 4 matrix of Equation (1). The blending function 
is calculated from “u' and “v' corresponding to each pixel 
in the block, whereby the matrix of Equation (1) is calcu 
lated. 

FIG. 6 is an illustration showing the designation of a pixel 
to be interpolated. On the assumption that the top left 
coordinates of the 8 by 8 pixel block to be interpolated are 
(0, 0) and the right bottom coordinates of the same are (1, 1) 
as shown in FIG. 6, the coordinates “u' and “v' at the center 
of each pixel become respectively /16, 3/16, 5/16, 7/16, ... 15/16. 
In order to obtain each pixel value, it is only required to Set 
the pixel in the form of the coordinates (u, v), calculate a 
blending function from the coordinates (u, v), and calculate 
the matrix of Equation (1). As a result of the calculation of 
the matrix, an interpolated 8 by 8 pixel block is obtained for 
the 8 by 8 pixel. 
The interpolation of one pixel block is now completed 

through the above described steps. The thus obtained inter 
polated block is temporarily stored in the buffer 7. 

In parallel to the above described interpolation of the 
pixel block, the 8 by 8 pixel block reading section 9 reads 
a pixel block, which corresponds to the block address output 
from the block address generating Section 3, from the 
decoded image Storage Section 1. The thus read 8 by 8 pixel 
block is temporarily stored in the buffer 8, and then it is input 
to the in-block variance calculating Section 10. Through the 
above described operations, the interpolated block generated 
as a result of interpolation and a non-processed pixel block 
are stored in the buffers 7 and 8, respectively. A decision as 
to which of an output from the buffer 7 and an output from 
the buffer 8 is selected as the final output, will be described. 

In the present invention, two decision operations are 
carried out for selecting the buffer. The first decision is to 
decide an area, in which block noise arises, on the basis of 
the statistical information of the block. The second decision 
is to decide whether or not the area can be interpolated on 
the basis of the relationship in size between the control 
points around the block to be interpolated. 
The determination of the area in which block noise arises 

will be described. As previously mentioned, the block noise 
is averaged within the block by block-encoding the area 
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having a low degree of gradations at a high compression 
ratio, whereby Stepwise gradations develop in the boundary 
between the adjacent blockS. As a result, the block having an 
even pixel value among the decoded pixel blockS can be 
detected as one having the possibility of block noise. 

The in-block variance calculating Section 10 calculates 
the variance of the pixels within the input pixel block. The 
variance of the pixels may be calculated as a mean Square of 
a difference between each pixel value and an average. To 
reduce the Volume of calculation, the variance of the pixels 
can be approximately calculated from the following expres 
SOS. 

where X (i,j) is a pixel value of the “i” row, the “j” column 
within the block, “ave' is a mean pixel value within the 
block, abs () is a function for calculating the absolute value, 
and “var” is the variance of the pixels in the block. 
Whether or not block noise arises in the decoded block is 

determined by comparing the variance “var” of the pixels in 
the block with a predetermined threshold value TH1. 
Specifically, the pixel block where var <TH1 belongs to the 
area having a Small degree of gradations. Hence, that pixel 
block can be judged as one having a high possibility of block 
noise. If varie TH1, the block has a large degree of grada 
tions therewithin, and an edged or textured block is included 
in the block. The result of the determination as to whether or 
not the block noise arises in that block is output to the buffer 
Switch determination Section 11 as one bit of variance 
information. 

Although whether or not the distribution of the pixels in 
the block is flat judged in the above descriptions, it is also 
possible to determine whether or not the pixel distribution is 
flat using a difference between the maximum value and the 
minimum value in the block other than variance. 

According to the above described method of judging the 
area in which block noise arises, an erroneous determination 
will be often made if the block has an edge overlaid on the 
block boundary. Further, if a part of the edge is present in the 
block, the variance of the pixels becomes relatively Small, 
which is apt to result in erroneous judgement. To prevent 
these problems, whether or not the block determined as one 
having the block noise can be interpolated is judged using 
the control points around that block. 

The decision as to whether or not the block can be 
interpolated will now be described. FIGS. 7A and 7B are 
illustrations showing the edges of block drooped as a result 
of the bicubic interpolation. In FIGS. 7A and 7B, the 
gradation of the decoded image are represented by a Solid 
line, and the control points are represented by black points. 
Further, the croSS Section of the bicubic interpolation Surface 
patch which is generated by use of the control points is 
represented by a broken line. 
As shown in FIG. 7A, the gradations of the image within 

the area having a low degree of gradations become Stepwise 
as they are represented by the Solid line, and block noise 
arises in that area. As a result of the block noise, the Smooth 
gradations can be reproduced by means of the bicubic 
interpolation Surface patch designated by the broken line. 
However, as shown in FIG. 7B, if the edge is present in the 
block boundary, the gradations are interpolated in the way as 
represented by the bicubic interpolated Surface patch, 
thereby resulting in the edge being drooped. For this reason, 
it will be better to stop the interpolation of the block in Such 
a case as shown in FIG. 7B. It is possible to determine 
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10 
whether or not the interpolation of the block should be 
prohibited from the positional relationship between the 
control points. 

FIGS. 8A and 8B are illustrations showing one example 
of conditions used for determining the area where interpo 
lation is prohibited. In this case, there are two types of 
decision conditions. As shown in FIG. 8A, a condition 1 is 
to prohibit interpolation if at least one of the differences 
between the absolute values of the control points on the 
diagonal is greater than a predetermined threshold value 
TH2. Further, as shown in FIG. 8B, a condition 2 is to 
prohibit interpolation if at least one of the differences 
between the absolute values of the adjacent control points is 
greater than a predetermined threshold value TH3. Only if 
neither the condition 1 nor the condition 2 is Satisfied, the 
interpolation is judged as being possible to perform. As a 
matter of course, it is also possible to determine the area in 
which interpolation is prohibited using other conditions. 
One bit of prohibition information which represents the 
prohibition of interpolation is output to the buffer Switch 
determination Section 11. 
On the basis of the received variance information and 

prohibition information, the buffer Switch determination 
Section 11 issues a Switch instruction to the buffer Switch 12. 
If the variance information shows that the pixel block is flat, 
the block noise arises in the pixel block. In addition, if the 
prohibition information shows that the pixel block can be 
interpolated, an interpolation block is Selected. 

FIG. 9 is a flowchart showing one example of the Switch 
ing between the buffers. The operations of the above 
described control point comparison Section 6, the in-block 
variance calculating Section 10, and the buffer Switch deter 
mination Section 11 are grouped together as shown in FIG. 
9. The control point comparison Section 6 calculates the 
variance of the pixels in the block in Step S21. It is judged 
in step S22 whether or not the variance is smaller than the 
predetermined threshold value TH1. If the variance is 
greater than the predetermined threshold 1, the uninterpo 
lated pixel block in the buffer 8 is selected in step S23. 

If the variance is smaller than the predetermined threshold 
TH1, it is judged in step S25 whether or not the conditions 
1 and 2 shown in FIG. 8 are satisfied, on the basis of the 
difference between the control points calculated in step S24 
by the control point comparison Section 6. If either the 
condition 1 or the condition 2 is Satisfied, interpolation will 
be prohibited. Then, an interpolated pixel block is selected 
in step S23. If neither the condition 1 nor the condition 2 is 
satisfied, an interpolated block stored in the buffer 7 is 
selected in step S26. 
The reproduced image Storage Section 13 holds the pixel 

block stored in either the buffer 7 or the buffer 8 at the 
position corresponding to the block address output from the 
block address generating Section 3. 

In this way, the block noise resulting from the conversion 
encoding operation can be reduced through the above 
described operations. The above descriptions are directed to 
the 8 by 8 pixel block. However, the present invention is not 
limited by the block size, but it is possible to set an MXN 
pixel block having an arbitrary size. A pixel block having a 
different size can be processed in the same manner. 
An image processor according to a Second embodiment of 

the present invention will now be described. In the above 
described first embodiment, the continuity of the gradations 
between the interpolated blockS is ensured, and hence block 
noise is eliminated. Further, if the block noise is relatively 
Small, the discontinuity of gradations between the interpo 
lated block and the uninterpolated block is negligible. 
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However, if the block noise is large, the discontinuity of 
gradations becomes noticeable. 
To prevent this problem, in the second embodiment, a 10 

by 10 pixel block with the 8 by 8 pixel region being centered 
thereat, which is the unit basis of the conversion encoding 
operation, is read from the decoded image Storage Section 1. 
The pixels located on the boundary between the 8 by 8 pixel 
blocks are Smoothed by use of the pixels around them. 

FIG. 10 is a block diagram of the image processor of the 
Second embodiment of the present invention. In the drawing, 
the reference numerals used to designate the elements in the 
first embodiment are also used for corresponding features of 
the Second embodiment, and their explanations will be 
omitted here for brevity. A 10 by 10 pixel block reading 
section 14 reads a 10 by 10 pixel region with the 8 by 8 pixel 
region being centered thereat, from the decoded image 
storage section 1. The 8 by 8 pixel block is output to the 
in-block variance calculating section 10, whereas the 10 by 
10 pixel block is output to the filtering section 15. The 
filtering section 15 subjects the 10 by 10 pixel block, which 
is received from the 10 by 10 pixel block reading section 14, 
to filtering treatment. The 8 by 8 pixel region centered at the 
10 by 10 pixel block is output as a smoothed block. 
One example of the operation of the image processor 

according to the Second embodiment will now be described. 
FIG. 11 is an illustration for explaining the filtering of a 10 
by 10 pixel region, and FIG. 12 is an illustration showing a 
target pixel and pixels Surrounding the target pixel within a 
3 by 3 window area. The 10 by 10 pixel block reading 
section 14 reads the 10 by 10 pixel region represented by a 
larger outer frame which is larger than the 8 by 8 pixel block 
having a grid pattern by two pixels in the respective vertical 
and horizontal directions. The filtering Section 15 sets 3 by 
3 windows represented by the thick line in FIG. 11 one by 
one in such a way that the center pixel of each 3 by 3 
window becomes a pixel on the boundary between the 8 by 
8 pixels blockS. AS represented by the following equation, a 
mean value of the eight pixels alo-a, around a pixel X shown 
in FIG. 12 is set to the value of the pixel X. 

AS a result, the gradations on the boundary between the 
block and the Surrounding block can be reduced. 

The in-block variance calculating Section 10 calculates 
variance in the 8 by 8 pixel block output from the 10 by 10 
pixel block reading section 14. Whether or not the block 
noise arises in the current pixel block is determined. In other 
respects, the image processor of the Second embodiment 
operates in the same way as the image processor of the first 
embodiment, and hence the explanation thereof will be 
omitted. 
AS previously described, the uninterpolated block is Sub 

jected to the Smoothing treatment which the boundary pixels 
undergo, in the Second embodiment. Consequently, even in 
the case of relatively large block noise, noise reduction 
effects can be attained. 

The second embodiment shown in FIG. 10 is arranged so 
as to select either the interpolated block or the Smoothed 
block. It is also possible to arrange the image processor Such 
that if the edge is present in the boundary between the pixel 
blocks, the decoded block is also supplied to the buffer 
Switch 12 as another alternative to prevent the edge from 
being drooped So that any one of the interpolated block, the 
Smoothed block, and the decoded block can be Selected. 

Although the 3 by 3 pixel filter is used as the filtering 
section 15 in the second embodiment, it is also possible to 
use filters having a variety of Sizes, for example, a 5 by 5 
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pixel filter, as the filtering section 15. Where a 5 by 5 pixel 
filter is used, a 12 by 12 pixel block, which is larger than the 
8 by 8 pixel block by four blocks in the respective vertical 
and horizontal directions, will be read. 

Further, although the pixel on the boundary between the 
8 by 8 pixel blocks is smoothed in the second embodiment, 
the present invention is not limited to this. More than two 
pixels on the boundary can be Smoothed. 
The previously mentioned Second embodiment is not 

limited to the 8 by 8 pixel block as the first embodiment, the 
second embodiment can cope with the M by N matrix of 
pixels. In this event, it is only required to read a (M+2i)x 
(N+2i) matrix of pixels for filtering purposes. 
AS is evident from the above descriptions, each pixel 

block is Subjected to block noise reduction depending on the 
characteristics of that pixel block. As a result, it becomes 
possible to reduce block noise without drooping the edge of 
the pixel block. 
To carry out interpolation in order to reduce the block 

noise, boundary conditions for interpolation are set on the 
basis of a plurality of reference pixels Surrounding the target 
pixel, and the block is interpolated into a patch. The bound 
ary conditions are shared between the adjacent interpolated 
pixel blocks, and hence the interpolated blocks are Smoothly 
connected together. As a result, contiguous gradations can be 
reproduced from the areas in which the block noise arises. 

In addition to the determination of the degree of the 
flatness of pixels in the block, the determination of the block 
which can be interpolated is made by comparing the differ 
ences between the control points at the time of interpolation. 
Therefore, the edge of the block is prevented from becoming 
drooped by interpolating the edge. 

Further, if the block is not interpolated, the pixel on the 
boundary between the decoded blocks and several pixels 
which include the boundary are smoothed together with the 
pixels Surrounding them. In the event of large block noise, 
the gradations between the interpolated block and the unin 
terpolated block can be improved. 

Several embodiments of the invention have now been 
described in detail. It is to be noted, however, that these 
descriptions of Specific embodiments as merely illustrative 
of the principles underlying the inventive concept. It is 
contemplated that various modifications of the disclosed 
embodiments, as well as other embodiments of the invention 
will, without departing from the Spirit and Scope of the 
invention, be apparent to perSons Skilled in the art. 
What is claimed is: 
1. An image processor comprising: 
Storage means for holding decoded blocks to which a 

block-encoded image is decoded for each rectangular 
region consisting of an M by N matrix of pixels, 

interpolating means which provides an interpolated block 
by reading a plurality of reference pixels having a 
predetermined positional relationship with the decoded 
blocks from Said Storage means and by interpolating 
gradations in the decoded blocks using a interpolated 
Surface under boundary conditions Set on the basis of 
the reference pixels, 

first determination means which determines whether or 
not the distribution of pixels in the decoded block is 
flat, on the basis of the statistical information of the 
decoded block; 

Second determination means which determines whether or 
not the pixel distribution can be interpolated, on the 
basis of the boundary conditions, and 

Selecting means which Selects either the interpolated 
block or the decoded block on the basis of the results 
of Said first and Second determination means. 
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2. An image processor as defined in claim 1, wherein Said 
first determination means calculates the variance of the 
pixels in the decoded block or a difference between the 
maximum value and the minimum value of the decoded 
block, and Said first determination means outputs, as the 
result of first determination, information as to whether or not 
the decoded block is flat by comparing a predetermined 
threshold with at least either the pixel variance or the 
difference. 

3. An image processor as defined in claim 1, wherein Said 
Second determination means compares a predetermined 
threshold value to a difference between adjacent control 
points as well as comparing a predetermined threshold value 
to a difference between control points positioned in a diago 
nal relationship with each other with regard to four control 
points around the decoded block, and Said Second determi 
nation means outputs information as to whether any differ 
ence exceeds the threshold values. 

4. An image processor as defined in claim 1, wherein the 
value of a pixel which is the most analogous to the reference 
pixel among pixels in the boundary is Set as the value of the 
reference pixel if the reference pixel is outside the image. 

5. An image processor as defined in claim 1, wherein the 
interpolating means comprises a control point determination 
Section for determining a control point from the plurality of 
reference pixels, a boundary condition determination Section 
for determining the boundary conditions from the control 
point, and an interpolating Section for generating an inter 
polated block by interpolating the rectangular region con 
sisting of the M by N matrix of pixels using bicubic 
interpolated Surface patch on the basis of the boundary 
conditions. 

6. An image processor as defined in claim 5, wherein the 
control point is located at an interSection between bound 
aries of the decoded blockS in Said Storage means, and four 
pixels around the interSection are read as the plurality of 
reference pixels for each interSection, whereby a mean value 
is Set. 

7. An image processor as defined in claim 5, wherein the 
boundary conditions include eight tangent vectors defined 
by differences between four control points on the periphery 
of the decoded blocks in Said Storage means and two 
adjacent control points in the respective vertical and hori 
Zontal directions at each control point. 

8. An image processor comprising: 
Storage means for holding decoded blocks to which a 

block-encoded image is decoded for each rectangular 
region consisting of an M by N matrix of pixels, 

interpolating means which provides an interpolated block 
by reading a plurality of reference pixels having a 
predetermined positional relationship with the decoded 
blocks from Said Storage means and by interpolating 
gradations in the decoded blocks using a interpolated 
Surface under boundary conditions Set on the basis of 
the reference pixels, 

Smoothing means which outputs an MXN matrix of pixels 
at the center of the block as a smoothed block by 
reading a (M+2i)x(N+2i) matrix of pixels, which is 
larger than the MxN matrix of pixels by “i' pixels in 
both vertical and horizontal directions, from the 
decoded block in Said Storage means, and by Smoothing 
the (M+2i)x(N+2i) matrix of pixels read from said 
Storage means, 

first determination means which determines whether or 
not the distribution of pixels in the decoded block is 
flat, on the basis of the statistical information of the 
decoded block; 
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Second determination means which determines whether or 

not the pixel distribution can be interpolated, on the 
basis of the boundary conditions, and 

Selecting means which Selects either the interpolated 
block or the decoded block on the basis of the results 
of Said first and Second determination means. 

9. An image processor as defined in claim 8, wherein the 
Selecting means Selects any one of the interpolated block, the 
Smoothed block, and the decoded block on the basis of the 
results of determination of Said first and Second determina 
tion means. 

10. A method of processing images, comprising: 
Storing decoded blocks in which a block-encoded image 

is decoded for each rectangular region of pixels; 
reading a plurality of reference pixels having a predeter 

mined positional relationship with the decoded blocks, 
interpolating gradations in the decoded blocks using a 

curve with boundary conditions set on the basis of the 
reference pixels, 

determining whether a distribution of pixels in the 
decoded block is substantially flat on the basis of the 
statistical information of the decoded block; 

deciding whether the distribution of pixels can be inter 
polated on the basis of the boundary conditions, and 

Selecting the interpolated block or the decoded block in 
accordance with the results of whether the distribution 
of pixels is substantially flat and whether the distribu 
tion of pixels can be interpolated. 

11. The method of claim 10, wherein determining whether 
the block is Substantially flat includes calculating the distri 
bution of the pixels in the decoded block or a difference 
between the maximum value and the minimum value of the 
decoded block and outputting information as to whether the 
decoded block is Substantially flat by comparing a prede 
termined threshold with at least either the distribution of 
pixels or the difference. 

12. The method of claim 10, wherein deciding whether the 
block can be interpolated includes comparing a predeter 
mined threshold value to a difference between adjacent 
control points, comparing a predetermined threshold value 
to a difference between control points positioned in a diago 
nal relationship with each other with regard to four control 
points around the decoded block, and outputting information 
as to whether any difference exceeds the threshold values. 

13. The method of claim 10, wherein the value of a pixel 
that is the most analogous to a reference pixel among pixels 
in the border is set as the value of the reference pixel if the 
reference pixel is outside the image. 

14. The method of claim 10, further comprising: 
Smoothing the decoded block by Smoothing the matrix of 

pixels, and wherein Selecting includes Selecting the 
interpolated block, the smoothed block or the decoded 
block on the basis of the results of whether the distri 
bution of pixels is substantially flat and whether the 
pixel distribution can be interpolated. 

15. The method claim 10, wherein the step of storing 
includes Storing decoded blocks to which a block-encoded 
image is decoded for each rectangular region consisting of 
an M by N matrix of pixels. 

16. The method of claim 10, wherein interpolating gra 
dations includes determining a control point from the plu 
rality of reference pixels, determining the boundary condi 
tions from the control point and generating an interpolated 
block by interpolating the rectangular region of pixels using 
double tertiary curves on the basis of the boundary condi 
tions. 
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17. The method of claim 16, wherein the control point is ferences between four control points on the periphery of the 
located at an interSection between boundaries of the decoded decoded blocks and two adjacent control points in the 
blocks, and wherein four pixels around the interSection are respective vertical and horizontal directions at each control 
read as the plurality of reference pixels for each interSection. point. 

18. The method of claim 16, wherein the boundary 5 
conditions include eight tangential vectors defined by dif- k . . . . 


